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September 15, 19€4

The Lummus Company
146 Haynes Avenue
Neuark, New Jersey

Attention: Mr., D. E. Costello
Genrtlemen:

VWie submit herewith ten copies of our '"Report, Soils Investigation,
Proposed Ammonia Plant, East Dubuque, Illinois, for the Northern Illinois
Gas Company".

The scope of the investigation was planned in cooperation with
Rk representatives of The Lummus Company. Preliminary conclusions regarding
site preparation and foundation requirements were transmitted verbally to
ensineers of The Lummus Company during the course of the work in order to
expedite preliminary planning and design.

The results of our investigation indicate that the site is
su-table, from a foundation standpoint, for development by the construction
2f the proposed Ammonia Plant. Considerable earthwork is necessary in order

- to attain the desired final grades. We believe that pils foundations will
not be required in fill areas provided that all fill is properly placed and
cowpacted under the constant supervision of qualified engineering personnel.

' More cetailed foundation analyses and, possibly, additional field explora-
tions should be performed when the locations of all important structures
have been definitely established.

Yours very truly,
DAMES & MOORE

Robert M. Perry
RMP ED

CABLE AITSCSE TAMEMGRE
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. SOZLS IN,cSTIGATION
PRCPCSED AMMOUNTA PLANT
: EAST DUBUQUE, ZLLINCIS
; FOR THE
NORTHERN ~LT.NOIS GAS COMPANY
_NIRCDUCIICN
SENERAL
This reporc presents the results of a soils investigaticn per-
furmed at a site near East Dubuque, illinois, which may be developed vy the
censtruction of a propcsed ammenia plant for the Northern 11lincis Gas
N Ccxpany. The locaricn of the site is indicated on the Map of Area, Plate 1,

with respec: to the nearby Mississippi River and other prominent lccal
tcpegraphical and cultural featuvres.
The site under consideration is one of four initially explored*®
sites 1a this area. This site has been selected for the prcposed plaat
A

beiause, among cther factors, it appeared to possess the most favorable sc:1l

conditicns of the four initialiv expicred sites,

it is understocd rhat the initial proposed facilities will

in:lude: twe ammonia storage tanks; an administration building; and a

* See our "Repcrt ¢f Coas.itatilen, Prcposed Chemical Plant Complex,
East Dubuque, illi-ocis, Ncrthern Jllincis Gas Company", dated
Vs May 12, 1964.
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prccess area which will include compressors housed in a compressor building;
M
a heater unit; a contrcl house: heat exchangers and pressure vessels and

' tanks, A water treating unit. a malntenance shop and warehouse; and a

cooling tower and basin will be liccated near the process area. Truck liqu:d

lcading and railroad faiilizies alsc wili be provided.

We understand that the final locations for ;11 the structures have
nct been determined. It is presently planned to locate the ammonia storag:
tanks near the area where Borings BP-104 and BP-107 were drilled. The
pro-ess area and surrounding units will be located in the general area where
Borings BP-103 and BP-111 were drilled. The administrazion area will be
located in the viecinity where Becring BP-101 was drilled.

We have been informed that the two ammonia storage tanks will be
double~walled insulated units. One of the tanks will have an outside diameter
—r of 146 feet and be approximately 62 feet high. The second tank will be ap-
proxirately 142 feet in outside diameter and on the order of 64 feet in height,
It is understood that the tanks will be constructed with cone roofs. The
stored liquid ammonia will have a density of approximately 43 pounds per
cebic foot,

It is presently planned to establish the final grade in the
process area at Elevation +734., The final grade in the administration
buuilding area will be higher than in the process area, and has been tznta-
zi.aly established at apprcximately Elevation +750. 1t is planned to locare
the ammonia storage tanks at Elevation +720 feet. 1In order to attain these

desired grades, as much as 25 feet of cut and 20 feet of fill will be

required,

S
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The purpose of this investigation was to:

1) explcre the soil and ground water conditions
underlying the site;

2) recommend the more suitable areas of the site,
from a foundaticn standpoint, in which to
locate major plant units; ‘

3) present reccmmendations for site preparation;

4) recommend suitable types of foundationas to
support the proposed structures and present
general design criterila for these fouadations;
and

5) present cther recommendations or suggestions
which might facilitate site development and
fcundation design and installation.

SCOPE OF WORK
In order to accomplish our investigation, a program was conducted
Yy

wvhich included field explecrations, laboratory testing and engineering
analyses.

The soil and ground water conditioms at the site were explored by
drilling a total of eieven test borings to depths between 46 and 82 feet
below the ground surface. The locations of the borings are shown on Plate 2,
Plot Plan.

The field explorations were conducted under the technical
dire-tion of a Dames & Mocre Scils Engineer. Undisturbed soil samples,
saitable for laboratory testing, were extracted from the borings and flown
to our New York office for examination and testing. Tiae physical proverties
of the various soil strata were determined from results of tests performed

oM s2lected samples.

AT
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More detailed descriptions of the field explorations and laboratory
tests, which provide the basis for our engineering aralyses and recommenda-
tions, are presented in the Appendix to this report. We have presented in
this report sufficient recommendations and criteria for site planning, site
preparation and preliminary foundation design. The Qevelopment of design

criteria for specific structures was beyond the scope of this present in-

vestigation.

SITE CONDITIONS

GENERAL GEOLOGIC HISTORY

The site is located in the Driftless Section of the Central lowlands
Physiographic Province of North America. The Driftless Section occupies an
area including parts of Wisconsin, Illinois, Iowa and Minnesota, and is
entirely surrounded by glacial drift-covered country. During glacial times,
several stages of glaciation carried ice sheets far to the south of this
area; however, the ice wrapped completely around the Driftless area without
overriding it. _The ice sheet was formed mainly of two large lobes which
followed the lowlands of Lake Michigan and Lake Superior.

The Driftless area of Illinois is essentially the area occupied by
a broad, much-dissected cuesta or sloping plain, which is terminated on one
side by a steep slope. The cuesta is composed of dolomite and/or linestcne
of Ordovician Age. These rocks are resistant and dip gently southwestward.
The cuesta face trends generally southeastward. The low dip of the cuesta-
forming layer fails to carry it beneath the flood plains of the Mississippi

River; consequently, it is trenched by the River and cut into high, almost

vertical, cliffs,
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Large volumes of silt were blown in from the surrounding drifc
areas during the several stages of glaciation onto the uplands bordering
the valleys to form extensive deposits of loess., Thick deposits of loess
exist in the site area which somewhat conceal the features of the cuesta
anderlyinz them. The loess deposits are generally thicker on the bluffs snd
aigh grounds than away from them.

Thick deposits of sand also occur in the site area, overlying the
loass. The origin of the sand is uncertain; it could be either an alluvial de-

s0sit or ‘an aeclian deposit resulting from high-velocity winds.

SURFACE FEATURES

The site is located northeast of the Mississippi River, and
¢lightly inland. 1In this area, the terrain is undulating, but generally
slopes upwards from the River towards the northeast. The elevation of the
arca explcered ranges from a minimum of approximately +710 near the southern
boundary tc a maximum cf approximately +800 in the northeast corner.

At the time of the field explorations, the area was being used as
pasture land. A heavy growth of grass with occasional shrubs, approximately
two to three feet high, covered the area. Isolated trees were also growing
in the area. Several farm houses and related structures were located just

cutside of the area investigated.

SUBSURFACE CONDITIONS

The borings indicated that the site is underlain, in general, btv:

1) a limited depth of surface soils consisting of
varying thicknesses of relatively cledn sand,
silty and clayey sand, silt and clayey eilt;

2) an intermediate stratum consisting predcminantly
of moderately compact sandy soils;



A "D

‘ll’

I
I
!
]
!
!

]

3) a lower stratum of
silty soil; and

4) limestone bedrock

The '"surface soils" were observed to range in depth from one foot
to nine feet at the boring locations. A topsoil cover, zonsisting of brown
¢ilcy sand, silty clayey sand, or clayey silt, with réots, was observed to
depths on the order of one foot. Varying thicknesses of silty sand, silt,
anc clayey silt underlie the topsoil to depths of up to nine feet helow the
grecund surface. These soils generally were firm or compact.

Moderately compact brown fine sand, fine to medium sand or silty
sard was encountered below the soils described above. The thickness of this
sandy stratum was observed to vary between 15 feet and 38 feet, except at
the locations of Borings BP-104 and BP-111, where only five feet of sandy
soil was encountered.

Silty soils were encountered below the sand at depths ranging from
14 feet to 48 feet below the ground surface. 1In general, these soils were
mdderately firm. However, in the southern area (plant south) of the site, in
t1e vicinity of Borings BP-104, BP-105 and BP-106, the silty soils below
Elevation +690 feet were observed to be loose and compressible. A limited
thickness of moderately compressible soil was also encountered below
Elevation +680 at the location of Boring BP-109.

A thin stratum of sand mixed with gravel and rock fragments
senzrally was encountered below the silty stratum and immmediately above the
bedrock., The sand and gravel stratum was observed to have a maximum thick-

ness of about five feet.

AWIES C WIDOCR D



At the boring locations, refusal to further penetration of the

Nigpo!

drilling equipment was encountered at depths ranging from 46 feet to 82

feet below the ground surface. It is assumed that this refusal was en-

g countered on the limestone bedrock believed to underlie the area. The rock
was not cored.

The ground water level was recorded at the éime of our field
explorations at depths varying between 37 feet and 44 feet below the ground
sir-ace.

More detailed descriptions of the soils encountered in the borings

are shown on the Log of Borings presented in the Appendix to this report.

DISCUSSION AND RECOMMENDATIONS

Mo In order to locate the proposed facilities at the desired eleva-
tions, considerable earth cut and fill will be required in certain arees.
The field explorations have indicated that relatively firm or compact sands
and silts underlie the northern (plant north) portion of the site. In the
sourhern area, highly compressible silt was encountered at depths of 2C to
30 feet below the existing ground surface. When this condition became
avident during the field explorations, a decision was made to move the
proposed plant area to the higher northern ground, away from the southern
area.

Based upon a review of the subsurface conditions and general design

“eatures of the proposed plant, it is our opinion that:

|
|
i

1) the on-site sand underlying the surface soils
can be satisfactorily utilized as structural
fill in areas where the existing grade is
lower than final grade;

BDANES 1 MOOIRIL:




2) the proposed structures can be supported on
spread or mat foundations installed on the
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natural soils or on properly placed and
compacted sand £ill;
3) all heavy structures and structures that
would be adversely affected by settlement
should be located in the northern (plant
north) and central portions of the area in~
vestigated which are not underlain by highly
compressible soils; and
4) the ammonia storage tanks can be supported at
the planned location without the use of pile
foundations, provided that some settlemesnt is
tolerable,
More detailed discussion of site preparation and foundation re-
(quirements are presented in the following sections of this report.
SITE PREPARATION
Prior to grading operations, it 1s recommended that the topsoil
S containing roots be stripped from both the cut and fill areas. The fill

areas at the locations of proposed structures should be "proof-rolled"

! with heavy equipment to determine if zones or pockets of soft soils exist
near the surface. Any soft soills observed should be reccmpacted or
excavated and replaced with suitable material.

It is our opinion that the sand underlying the surface soils can
be satisfactorily used for compacted fill. The fill could be utilized for

support of structures if it is placed and compacted under properly con-

; trolled conditions. The surface clayey silt and sandy silt obtained from
the cut areas should be used as fill in areas where structures will not be
located or this soil should be wasted if the quantity of cut exceeds the

required £ill,

DG A f 5 (0 PACIedIE
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It is recommended that the fill be placed under the direction of
a qualified soils engineer. The fill should be placed ir layers approxi-
mately six inches in thickness and compacted to a density of at least 95
parcent of the maximum density obtainable by the Modified AASHO*Method cf
Compaction.

The results of a compaction test performed oh a sample of the
broyn fine to medium sand obtained at the location of Boring BP-107 is pre-
sented in the Appendix. The field moisture content of the sand in most
porticns of the site compares favorably with the optimum moisture content
determined by the compaction test. However, it should be recognized that
the moisture content of the sand will vary with both location on the site
and the season of the year. Consequently, it may be necessary to add
water to the soil from some areas in order to achieve satisfactory com-
paction, particularly if earth-moving operations are conducted during or
after dry weather.

The characteristics of the sandy soil were observed to vary some-
what at different locations of the site. It is recommended that additional
compaction tests be performed in the field on materials encountered at
differing locations in order to make certain that the soils obtained fron
th2se areas are being properly compacted.

Areal settlement of the fill areas will result from the weight

imposed by the fill. The estimated magnitude of settlement which will result

from various thicknesses of fill is presented on Plate 3, Settlement of
Area’ Fill. Generally, the greatest amount of settlement is expected to
cccur in the southern areas of the site which are underlain by more

~

conpressible soils. The lower range of settlements indicated on Plate 3

*American Association of State Highway Officials
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would be more applicable to the northern and central areas of the site.

Lt s our opinion that approximately three-fourths of the anticipated
areal settlement will occur during earth-moving operations. We believe
rhat the remaining settlement will be experienced within a period of a few
menths. We recommend that settlement plates be installed before filling
operations in at least 12 locations in order to provide a field check on

ithe magnitude and rate of areal settlement.

SFREAD AND MAT FOUNDATIONS

It is our opinion that the proposed structures can be supported
on spread or mat foundations installed on the existing soils or on
structural fill which has been placed and compacted in accordance with
the recommendations presented in the previous section on Site Preparation.

VWe recommend that foundations exposed to frost ne installed a

rnninimum of four and one-half feet below final grade. It is our opinion

that net bearing pressures between 3,000 and 4,000 pounds per square foot

zould be used at this site in proportioning the foundations. The final
design bearing pressure will depend on the location and the type of structure
under consideration.

We believe that properly placed and compacted sand £ill will be
capeble of developing higher soil bearing values, and will provide higher
resistance to compression under loading, than the natural soils. It is our
opirion that a net bearing pressure of 4,000 pounds per sguare foot can be
used in areas where foundations will be installed on sand fill which extends
four feet or more below foundation elevation, provided that the £fill has

beern placed and compacted under the direction of a qualified soils engincer.
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The natural soils are moderately firm or compact (except in the
souvthern areas of the site). However, the soil characteristics were ob-
served to vary somewhat at boring locations. When the final location for
each major structure is determined, we recommend that settlement gnalyses
be performed in order to make certain that the estimated settlement of the
structures will be tolerable. It may be desirable toidrill some additional
borings at critical locations, inasmuch as the initial field exploration

prozram consisted of relatively widely spaced borings.

COMPRESSORS

Based upon the static loading imposed by the compressors, we
believe that these units could be satisfactorily supported on mat foundations
and that pile foundations would not be required. However, it would be
prudent to perform a dynamic analysis of the soil-foundation system to
evaluate the behavior of compressors under operating dynamic loading condi-
tions. If we were Informed of the operating characteristics and the final
locaticns of the compressors, we would be able to perform the required

dynamic analysis.

AMMINIA STORAGE TANKS

Some earth cut and fill will be required to levzl the proposed
area of the ammonia storage tanks at planned final grade, Elevation +720 fee*.
Based upon the understanding that the proposed tanks will be relatively
flewible and can tolerate differential settlement, it is our opinion that they
zan be supported at the proposed location without the use of piles provided

the tan': areas are prepared in accordance with the following recommendations.

FRATAR O [ SR ISR
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Topsoil containing roots should be stripped
from the areas where the existing grade is

-below the final grade.

The high areas should be cut to a minimum of
18 inches below final grade.

The exposed surface should be compacted with
heavy rolling equipment. Any soft areas or
pockets should be excavated.

The area should be raised to final grade with
sand fill placed in six-inch layers. Each
layer should be compacted to a density of at
least 95 percent of the maximum density ob-
tainable by the Modified AASHO Method of
Compaction.

A crushed rock or well-graded gravel riag

wall, three feet wide, should be placed beneath
each tank shell. The ring wall should extend
to a minimum depth of five feet. The bottom of
the ring wall excavation should be inspected to
make certain that pockets of soft soils do not
underlie the tank shell., Where soft soils are
observed, the excavation should be extended
until firm soils are encountered.

Due to the fact that the soils underlying the tank area, particu-

larly the deeper silty soils, are somewhat compressible, the tanks will

exoerience some settlement. We estimate that the settlement of the center

of each tank will be on the order of five to seven inches and that the

seztlement of the edge of each tank will be about three to five inches.
It is anticipated that approximately one-half to three-fourths of the
es-imated settlement will occur during the water test period, and the re-
nainder over a period of a few months after the full operating load is

applied. We recommend that, if possible, the connection of piping to the

tanks be delayed until after the water test period.

1oy &g i LS 2 R4
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DRAINAGE DITCHES

We understand that drainage ditches will be prcvided for control
of rainwater. The maximum depth of these ditches will be on the order of
four feet. We belileve that slopes of two horizontal to cne vertical in the
sar.d and ihree horizontal to one vertical in the silt will be stable.
However, these fine-gralned soils are sensitive to erosive forces. Grass
or similar cover, or a protective lining of concrete, soil-cement or

asphalt would be desirable in order to minimize maintenance of the ditches.

-000-
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The following Plates and Appendix are attached and complete

this Report:
Plate 1
Plate 2
Plate 3

Appendix

IMP-GDL-DFMcC NC

Map of Area

Plot Plan

Settlement of Areal Fill\

Field Explorations and Laboratory Tests

Respectfully submitted,

DAMES & MOORE

(e A %27_

Robert M, Perry

inge KL

George D, Leal

P. E. Registration No. 62-21832

State of Illinois
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APPENDIX

FIELD EXPLORATIONS AND LABORATORY TESTS

I'IFLD EXPLORATIONS

The subsurface conditions at the site were explored by drilling
11 rest borings ranging from 46 feet to 82 feet below the ground suriface.

Initially, it was planned to drill seven borings (Borings BP-101
thicuglh BP-107) in the proposed plant area. When Borings BP-104, BP-105
and BP-106 encountered compressible soils, it was decided to further explcre
the arca immediately north (plant north) of the originally planned plant
arcs. Subsequently, Borings BP-108 through BP-111 were drilled. The
locations of the borings are shown on the Plot Plan, Plate 2.

A truck-mounted drill rig was utilized to drill the borings.
Augrers, having a hollow shaft approximately three and one-half inches in
dicmeter, ware used to advance the borings to depths of approximately 45
tfzer. Below this depth, rotary drilling equipment was used.

The field explorations were performed under the technical directiocn
of 2 Dames & Moore Soils Engineer. Continuous observations of the soil
conditions =2ncountered in the borings were recorded by our Engineer. A
grarhical presentation of the soils encountered in the borings is shown
oa the Log of Borings, Plates A-1A through A-1F. The soils were classified
ia acccrdance with the Unified Soil Classification System described on
Plate A-2. Soil samples extracted from the borings were flown to our New
Yort oifice for further examination and testing.

Undisturbed soil samples, suitable for laboratory testing, were
oxtzacted from the borings using the Dames & Moore soil sampler illustrated

on Yage A-2, The sampler is three and one-quarter inches in outside diametear
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ind approximately two and one-half inches in inside diamster. The soil
sarp.es were obtained by driving the sampler with a 140-pound weight falling
3¢ inches., Where the auger was used, the sampler was inserted through :the
cllou shaft of the auger, eliminating the necessity of withdrawing the
drilling tools from the boring in order to obtain a soil sample. The number
of blows required to advance the sampler a distance of one foot is recorded
on the Loz of Borings under the column labeled "blow count'.

Ground surface elevations are presented above the log of each
berirg. These elevations refer to United States Coast and Geodetic Survey
Devum. The borings were located in the field with the assistance of
Lrieineers of The Lummus Company.

The ground water levels observed in the borings at the time of

tte: fi21d explorations are presented on the Log of Borings.

TARORATORY TESTS

General: Selected undisturbed soil samples extracted from the test
borings were subjected to appropriate laboratory tests in order to detarmire
the strength and compressibility characteristics of the soils underlying
the site arnd to evaluate their suitability for structura. fill. The
laborazory tests included:

1) Direct Shear Tests

2) Unconfined Compression Test

3) Consolidation Tests and Confined Compression Tests

4) Relative Density Determinations

5) Moisture-Density Determinations

6) Compaction Test
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More detailed descriptions of these tests are presented in the

following sections.

Direct Shear Tests: Direct shear tests were performed on sclected

undisturbed samples. These tests were performed in the manner descrited

on Pege A-5, Method of Performing Direct Shear and Friction Tests. A lcad-
de “lection curve was plotted for each test and the shearing strength of

tte soil was evaluated directly from this curve. The results of these rests
apyp2ar on the Log of Borings in the manner described by the Key to Test

Latta ca Plate A-2.

Unconfined Compression Test: An undisturbed sample of clayey

£ilr was subjected to an unconfined compression test. This test was
pexformed in the manner described on Page A-6, Method of Performing Un-
corfiaed Compression and Triaxial Compression Tests. The result of this

test [s prasented on the Log of Borings.

.

Consolidation and Confined Compression Testg: Selected undisturbed

€21 scmples were subjected to consolidation and confined compression

tests to evaluate the compressibility characteristics of the various soil
szrita. The method of performing these tests is described on Page A-7,

Methwod of Performing Consolidation Tests. Consolidation tests are applicable
for fire-grained silty and clayey soils where compression under load occurs
over ar. extended time period. In this type of test, the amount of compression
ard z—he rate of time required for compression to occur are studied. Confiqed
cempressicn tests are applicable to granular soils, where compression czcurs
vpon application of load and the rate of time required for compression to

ccetr does not require study.
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METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHEARING STRENGTHS OF SOILS. FRICTION TESTS
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE-
RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS
ARE PERFORMED IN THE LABORATORY TO SIMULATE

ANTICIPATED FIELD CONDITIONS.

EACH SAMPLE IS TESTED WITHIN THREE BRASS RINGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH
IN LENGTH. UNDISTURBED SAMPLES OF IN-PLACE SOILS
ART” TESTED IN RINGS TAKEN FROM THE SAMPLING
DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DIRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-
FORMED, IS APPLIED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED.

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A
CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL
IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FrictioN TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACES OF VARIOUS
MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE
MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.
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METHODS OF P ERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF INCHES IN DIAMETER, THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED. IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED. IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
WITH RESPECT TO STRAIN IS ACHIEVED.

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED TRIAXIAL COMPRESSION TEST UNIT
FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND

THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR'S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING WAYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURES.

CONSOLIDATED-UNDRAINED: THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE
IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.

DAMES € MOORE
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METHOD OF PERFORMING CONSOLIDATION TESTS

CONSOLIDATION TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SUBJECTED
TO INCREASED LOADS. TIME-CONSOLIDATION AND PRESSURE-CONSOLIDA‘TION CURVES MAY BE PLOT-
TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURVES
PERMIT ESTIMATES TO BE MADE OF THE PROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE

TESTED SOILS UNDER APPLIED LOADS.

EACH SAMPLE IS TESTED WITHIN BRASS RINGS TWO AND ONE-
HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH. UNDIS-
TURBED SAMPLES OF IN-PLACE SOILS ARE TESTED IN RINGS
TAKEN FROM THE SAMPLING DEVICE IN WHICH THE SAMPLES
° WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN
CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO

PREDETERMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY

DEAD LOAD-PNEUMATIC
CONSOLIDOMETER

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE
ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALLOW
DRAINAGE OF THE LOADED SAMPLE. THE AXIAL COMPRESSION OR EXPANSION OF THE SAMPLE IS
MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH
i LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TWICE THE PRECEDING LOAD. THE IN-
| CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADING

CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED., EACH LOAD INCREMENT IS ALLOWED TO

I { | ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE

FIELD.

¥
{ DAMES & MOORE |

AFFLIEL A M€ EN S




The results of these tests appear on Plate A-3A, Consolidation
Test Data and Plate A-3B, Confined Compression Test Data.

Relative Density Tests: Relative density tests werc performed

on samples of the underlying sandy soils to provide additional data for use
in evaluating the relative compactness of the sand stratum in different
arcas of the site. The relative density tests were performed on oven-dried
samples. The maximum density of each sample was obtained by compacting

the soil in thin layers in a two and one-half inch diameter cylinder, two
inches in height, with the tamping action from a "vibro tool" [itted with
a vibrating tamping foot about one and one-half inches in diameter. The
minimum density was obtained by slowly pouring the soil into the same
cylinder utilizing a funnel. The relative density was then computed by
using a formula comparing the field density of the sample with the maximum
and minimum densities. The results of the relative density determinations

are tabulated below:

MAXIMUM DRY MINIMUM DRY FIELD DRY RELATIVE
BORING DEPTH DENSITY DENSITY DENSITY DENSITY
(feet) (pounds per (pounds per (pounds per (percent)
cubic foot) cubic foot) cubic foot)
BP-103 20 104 91 103 94
BP-103 25 108 87 99 64
BP-105 9 109 85 98 60
BP-107 10 107 92 96 30
BP-108 5 104 87 96 58
BP-109 10 108 92 98 43

Moisture-Density Determinations: The moisture content and dry

density were determined for cach soil sample subjected to a strength,

confined compression or consolidation test. The moisture content and dry



density of other samples were also determined for correlation purposes.
Results of these tests are presented on the Log of Borings.

Compaction Test® A compaction test was performed on a bulk

sample of the brown firm sand extracted from Boring BP-107 in accordance
with the method described on Page A-10, Method of Performing Compaction
Tests (Modified AASHO Method). The results of this test are presented
on Plate A-4, Compaction Test Data.

-00o0-

The following Plates are attached and complete this Appendix:

Plate A-1A - Log of Borings (Borings BP-101 and 102)

Plate A-1B - Log of Boring (Boring BP-103)

Plate A-1C - Log of Borings (Borings BP-104 and 105)

Plate A-1D - Log of Borings (Borings BP-106 and 107)

Plate A-1E - Log of Borings (Borings BP-108 and 109)

Plate A-1F - Log of Borings (Borings BP-110 and 111)

Plate A-2 - Unified Soil Classification System and
Key to Test Data

Plate A-3A - Consolidation Test Data

Plate A-3B - Confined Compression Test Data

Plate A-4 - Compaction Test Data
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METHOD OF PERFORMING COMPACTION TESTS
(STANDARD AND MODIFIED A.A.S,H.O. METHODS)

IT HAS BEEN ESTABLISHED THAT
WHEN COMPACTING EFFORT IS HELD
‘ CONSTANT, THE DENSITY OF A
ROLLED EARTH FILL INCREASES
WITH ADDED MOISTURE UNTIL A
MAXIMUM DRY DENSITY IS OBTAINED
AT A MOISTURE CONTENT TERMED
THE “OPTIMUM MOISTURE CON-
TENT,” AFTER WHICH THE DRY

DENSITY DECREASES. THE COM- 0
PACTION CURVE SHOWING THE RE-
LATIONSHIP BETWEEN DENSITY AND
MOISTURE CONTENT FOR A SPECIFIC
COMPACTING EFFORT IS DETER-
MINED BY EXPERIMENTAL METHODS.
TWO COMMONLY USED METHODS ARE
DESCRIBED IN THE FOLLOWING
PARAGRAPHS.

o FOR THE ‘STANDARD A.A.S.H.O0.”
(AS.T.M. DG698-58T & A.A.S.H.O.
T99-57) METHOD OF COMPACTION A #
PORTION OF THE SOIL SAMPLE
PASSING THE NO. 4 SIEVE IS COM-
PACTED AT A SPECIFIC MOISTURE
CONTENT IN THREE EQUAL LAYERS
IN A STANDARD COMPACTION CY-

SOME APPARATUS FOR PERFORMING COMPACTION TESTS

B O G - A VOLUME,OF 158 Shows, from left to right, 5<1/2 pound rammer (sleeve
CUBIC FOOT, USING TWENTY-FIVE controlling 12" height of drop removed), |/30 cubic~
12-INCH BLOWS OF A STANDARD 5-1/2 foot cylinder with removable collar and base plate,
POUND RAMMER TO COMPACT EACH and 10 pound rammer within sleeve.

LAYER.

IN THE *MODIFIED A.A.S.H.0.” (A.S.T.M. D-1557-58T & A.A.S.H.O. T 180-57) METHOD OF COMPACTION
A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE IS COMPACTED AT A SPECIFIC MOISTURE
CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF
1/30 CUBIC FOOT, USING TWENTY-FIVE 18-INCH BLOWS OF A 10-POUND RAMMER TO COMPACT EACH
LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND
THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPECIFICATIONS.

FOR BOTH METHODS, THE WET DENSITY OF THE COMPACTED SAMPLE IS DETERMINED BY WEIGHING
THE KNOWN VOLUME OF SOIL; THE MOISTURE CONTENT, BY MEASURING THE LOSS OF WEIGHT OF A
PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY, BY COMPUTING IT FROM THE
WET DENSITY AND MOISTURE CONTENT. A SERIES OF SUCH COMPACTIONS IS PERFORMED AT IN-

G CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTURE-
DENSITY RELATIONSHIP HAVE BEEN OBTAINED TO PERMIT THE PLOTTING OF THE COMPACTION
CURVE. THE MAXIMUM DRY DENSITY AND OPTIMUM MOISTURE CONTENT FOR THE PARTICULAR COM-
PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE.
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DEPTH 3 BORING BP 101
IN 3 SURFACE ELEVATION +755't
he
SHEARING STRENGTH IN LBS./S0Q. FT. FEET 3§
ow
3000 2500 2000 1500 1000 500 © oy srwsous DESCRIPTICNS
: o -
I BROWN SILTY CLAYE T T
! | 15.8%-102 7= g_m I~ SAND it Rbors | ME T MeLiuM
! " T ~BROWN SILTY FINE SAND
i 39.6%-75 6 ® ML | - DaRx BROWN SILT WiTH TRACE OF CLAY
; | : AND TRAGE OF ORGANIC MATTEF
Eﬁ_ I . {1.9%-105 - 10 7|27,44 BROWN FINE TO MEDIUM SAND
!
| | 2.53-108 % »
: ] SP
I Coe - . o GRADING WiTH SOME SiLT
§ ! 2‘9%, 105 20 27 - WMED |UM SAND GRADING OUT
‘ |
! 12 =
' |
_ O, - ; 19.2g-101 — 30 B BROWN FINE SAND AND SILT
' |
| I T | GRADING LESS SANDY
' I
e} 40 el sM-ML
]i 5 w GRADING WITH TRACE OF CLAY
] . > BROWN MEDIUM TO COARSE SAND WITH
50 S JdSW-GW GRAVEL AND WEATHERED ROCK
) FRAGMENTS
. ~REFUSAL
i ‘ BORING COMPLETED ON 6-25-64
ll : B CASING TO A DEPTH CF d¢4'
60 -— WATER LEVEL NOT RECORDED

& BORING BP 102
DEPTH Y
IN § SURFACE ELEVATION +756':
g
SHEARING STRENGTH IN LBS./so. FT. TEET &
BLOW
30C0 2500 2000 1500 /000 500 o COUNT SYMBOLS DESCRIPTIONS
i ! 14.37-1C8 o 9 /. SM—«-\ BRCWN SILTY CLAYEY FINE SAND WITH
i i E b ‘ SM <BROWN SILTY FINE SAND
' 15,5%-104 37 = EROWN FINE SAND
. -}—*ﬁ 0 - =
i SP
! 12 ®
|
[ N I ! —4 20 ]
. 7'8?'”0 7 m BROWN SANDY SILT
5 711-96 17 GRADING WITH LESS SAND
e | R
e | 29 e
| o
|
S - 1 20 —
o 80 ® ML
63 ®
s - 50 25 w|
H 42 8
e e oo — — —— — —————————+4 60 W GRADING WITH TRACE OF CLAY
; DARK BROWN CLAYEY SILT
‘ f 26 s EETI ML -
, . 70 —— SW-GW 8rowN MEDIUM TO COARSE SAND WHTH
GRAVEL AND WEATHERED ROCK
FRAGMENTS
REFUSAL

BORING COMPLETED ON 5-c4=64
NO CASING USED
NATER LEVEL MOT RECORDED

LOG OF BORINGS

vo T ogos:
4 i .
i) 1S IRT: UNDER THE GOLUMN LABELED “BLOw COUNT" REFER TO THE NUMBER COF BLOWS
‘ HLPMEID TO LRIVE THE SAMPLER A DISTANCE Of ONE FOOT wiTH A 140 POUND WEIGHT
; CafIhG 20 1NCHIS. THE DAMES & MOORE SAMPLER IS 33" 0.D. AND 23" 1.D.
! 20 LURFEUE ELEVAT CNS REFER TO USCGS DATUM. DAMES £ MOORE
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BORING BP 103

IN SURFACE ELEVATION +740':
ET
SHEARING STRENGTH IN LBS./5Q. FT. FE ©
BLoOwW
3000 2500 2000 1500 1000 500 o OCOUNT SYm8oLs DESCRIPTIONS
; | 10,2%-104 . SM— BRO:SO?;L" CLAYEY FINE 5AND WITH
\ ’ 11.8%-116 sp “-BROWN FINE SAND WITH TRACE OF 3ILT
]
. ' ; 22,9104 10 ML BROWN CLAYEY SILT WITH TRACE GF FINE
S ‘ 5y- —— —— SAND
‘;888-” 89-9 . % i BROWN FINE SAND
é ! L
. : : - 20 -
" ‘ |l 3.2%-99 GRADING WITH THIN LENSES JF SILT
—— 1 I> 30 SP
40
: !
! | BROWN | SH=GRAY SILTY TINE SAND
T | 90 v
Yyt !
23'?%405 GRADING MORE SILTY
- : L 60 oy i GRADING GRAY IN COLDR
! 1 Mo
|
—— - 70 ——
8 4 BROWN FINE TO COARSE SAND WITH GRAVEL
e H —ge N - EATHERED RO(K FRAGMINTS
] o Lisw G.W REFG’;EL* HERED
BORING COMPLETED ON 6-29-64
CASING TO A DE;‘I?'H CF 24;0 4
WATER LEVEL @ ' CN 6=30~
80
Y
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b BORING BP 104
DEPTH 4
IN % SURFACE ELEVATION +722':
<
SHEARING STRENGTH IN L8S./s0. rr. TEET &
LOW
3000 2500 2000 1500 1000 500 o CZUNT SYMBOLS DESCRIPTIONS
' AR | . T KK BKOWN CLAYEY 31LT wiTH TRACE CF
i 220238 o ®li:] ML O INE SanD AL REGTA “
4G S I a RUOTS GRADING U
Ay mmmu 5 = [ ML - MUTTLED 8RUWNN A:L'Jmuw' CLAYEY SILT
i \,\‘J‘ NHITH TRACE CF Fiud SAND
- B - R 10 s{TT 8ROV SILTY FINE 3aLD
RN TS ‘ 10 OM SM
- e e ] 20 w]
Jr
14 @f .,
el o - oo _ . ML
30 ;-
I,
I
- - 40 e,
10 o
FIR | I
GRAY CLAYEY SILT
e e e 50 ] | ML
T ISW-G\W BROAN VEDIUM TU CO£3SL SANL #1TH
- GRAVEL AND wEATHIRED RUCK
N FRAGUENTS
~REFUSAL
- - BCGRING COMPLETED Gh O=25-£4
60 C&3ING TS A DEP“FH (;FJM‘ ?
WATER LEVEL & 41' on ©=25-C4
o BORING BP 105
DEPTH 4
IN $ SURFACE ELEVATION +723':
s
SHEARING STRENGTH IN LBS./sq. Fr. TEET &
sLow
3000 2500 2000 1500 1000 500 0 COUNT SYMBOLS DESCRIPTIONS
' ' : I 6 W S SMI. DeRK BRCWR SI.TY FINE [0 dilluM SAND
1918126 2« aft'] ML T R s
i ; “BROWN SILTY FINE SAND wiT# TRACE CF
DECAYED VEGETATION
R o . Gube o -1 10 - GRADING WiTH MORE SILT
sSp SLISHT BROAN FINE SaND
26 8
- - - — s 20 Srm MOTTLED BROWN AND YE._LUWISH-BRCWN
N FINE SANDY SILT
9 = ‘ GRAUING TO BROWN IN CULUR
- - - - S —— 24.89-10 —4 30 . - ‘ ML GRADING MORE SILTY
17 %
- e ] 40w
DARK BROWN CLAYEY SILT
14w ML
REFUSAL
50 - BORING COMPLETED ON €-..-5%

LOG OF

BORI

CASING TO A DEPTH OF 40'
WATER LEVEL & 40' N 6-15-74

NGS
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1)
oeprn & BORING BP 106
IN $ SURFACE ELEVATION -71)':
SHEARING STRENGTH IN LBS.s/sq. Fr. TEET &
aLow

3000 2500 2000 1500 1000 500 o OCOUNr SYMEOLS DESCRIPTICNS

‘.’j SM—{~_  BROWN 31LTY FINE SAND &1TH +.CTS
: . BROWN f INE SAND

SP GRADING T2 LIGHT BRUWN 1IN COLOR

GRADING &ITH 1.7 AND QCuASIORAL

LENSES OF MEDILM Tu JUARSE S#ND
o B TUOTT syay=ta T T - BRUWN GLAYEY SicT
v
12 | : BRAUING WLTA TRACE OF FINE SanD
T T T 30 g W : ML CLAY GRADINS OUT
5. ay07 [ om ' GRADING TO GRAY It LOLCR
- — - _ — —— e e .
40 7w
140 MLTTISW-G W BROWN FINE TO CLAKRGLE £40D ¥I1TH SOME
—-v FINT SFevil 2D ataTdne<h RLIK
N, FREGATNTS
50 — - N REFUSAL
BORING COMPLETED CN E-25-C4
CASING TO A LEPTH OF 43'
WATER LEVEL W 4.' ON 6-23-34
b4 BORING BP 107
DEPTH 4
IN § SURFACE ELEVATION +7.0':
hod
SHEARING STRENGTH IN L8S./sa. FT. TEET &
BLOW
3C00 2500 2000 1500 /000 500 o 0 COUNT SYMBOLS DESCRIPTICNS
' i . Y R BROWN SILTY FINE TO MEDILW LALD wilh
i 18.8?4 104 4 m ‘:ﬁf SM ROOTS v oMEY
22.8%-103 22 WML ROCTS GRADING OUT

(W~ BROWN SILT WITH TRACE OF LY AND
\ FINE SAND
LIGHT BROWN FINE TG WMEDIJM SAND

- T T ey T 49 SP

i,,, ]
I
E - T T 3RV 3ANDY ST
i
i
|
- - S e — — —— ] 3 GRADING TO GRAY IN COLOR
] ML
40 =
SW- BROWN MEDIUM TO CUARSE SAND #iTh
Dw‘gw GRAVEL AND WEATHERLD ROCK
\, FRAGMENT S
70 ~REFUSAL

BORING CUMFLETLD ON £-2€-€4
CASING TO A DEPTR CF 44
WATER LEVEL NUT RECORDED

LOG OF BORINGS
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a BORING BP 108
OEPTH 4
IN $ SURFACE ELEVATION +722 t
B
SHEARING STRENGTH IN L8sS.s/so. Fr. FEET 3
SLow
. Jooo 2500 2000 1500 1000 500 o 0 COUNT SYMBOLS DESCRIPTIONS
L1
. c mEbo BROWN SILTY FINE SAND wiTH k.OT
1 ‘ ! 6 = ’q“l SM ! :QOTS GRA;I:Z O:JTL i s
; | 4.0-99 T BROWN FINE SAND WITH TRAGE OF SILT
{ i .
b ! ! - 10 TS-.‘ GRADING WITH LESS SILT
!
E 20 ®
]
I
o B . SP
20 5"
| Eil |
}
o i i 30 29
GRADING TO SILTY FINE SAND
} 12 &
. | -
. " 3 B i BROWN FINE SANDY SILT
23.85-100 —4 40 —5—# ’\ |
‘ il
29.1%-96 10 = il GRADING LESS SAHD
i‘ ! CHANGING TO DARK GRAY 1IN COLOR
e 50 it
T"i\ {
ik ML
16 ® "1
i)
- ‘ 60—l
1\ J| GRADING WITH SMALL FRAGMENTS OF
il ll‘ DECAYED WOOD
il
70 - - SW-GW BROWN FINE TO COARSE SAND W' Th
"*'\ GRAVEL AND WEATHERED ROZK
FRAGMENTS
REFUSAL
BORING COMPLETED CN €-3)-54
CASING TC A LDEPTH UF 44!
WATER LEVEL NOT RECORDEZD
A
o BCORING BP 109
DEPTH Y4
IN § SURFACE ELEVATION +718':
FEET §
SHEARING STRENGTH IN LBS./SQ. FT.
BLOW
dJo00 2500 2000 1500 1000 500 o COUNT SYMBOLS DESCRIPT'ONS
: ' : 1 14.0%-111 7 "EiLd sm BROWN SILTY FINE SAND wiTH F3OTS
i . ROOTS GRADING OUT
! 22.3%-104 2B ‘! ML BROWN SILT WITH TRACE OF FINE SAND
3 1 R BROWN FINE SAND
e 1 11.2%-98 —F 1O 5%
i l 35 GRADING WITH TRACE OF SILT
| J
T ' 20 SP
24
e — 30
. |
' | 43
‘ ‘ BROWN SILT WITH TRACL OF CLAY AND
e 25.9%-100 —- 40 -~ FINE SAND
10 ®
t
! : ML
- ”*774"’f7"_“"7 50 >2?—T:
07 CHANGING IN COLOR TO GRAY
SR U 60 T ] . BROWN FINE TO COARSE SAND wITH
SP~G\~ GRAVEL AND WEATHEFRED ROCX FRAG-
e e— NTS
\REFSEAL
A1 W'
) BORING COMPLETED ON 7=i=f4
70 - CASING TO A DEPTH OF 44’
WATER LEVEL @ 39' ON 6-30-64
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o BORING BP 110
DEPTH 4
IN S SURFACE ELEVATION +737':
e §
SHEARING STRENGTH IN LBS./so. FT. TEET &
ow
3000 2500 2000 1500 /000 500 0 0 cg%//vr SYMBOLS DESCRIPTIONS
T — ™ -
| 6.2 o o[ SMT T S s
i ‘ 5.2%;_[03- 19 = BROWN FINE SAND
(R — U 10 ——
[ 1 }
} 7.5%-101 25 =
' SpP
SR — 20 —
36 =
e | 30 ——
} GRADING TO SILTY FINE SAND
! 17 =
BRONN FINE SANDY SILTY
T - - - 40 S5
27 m |
—— - —_— —_— - 50 35w GRADING WITH LESS SAND
i 4 = ML SAND GRADING OUT
1 !
- — 60 =
e : 70 — ‘
il
.. | | | Sifow-aw e e s s ey
" 80 —— ~ ReFUSAL
BORING COMPLETED ON 7-2-64
CASING TO A DEPTh OF 44'
WATER LEVEL NOT RECCRDED
bl BORING BP 111
DEPTH 4
IN § SURFLCE ELEVATION +726':
<
SHEARING STRENGTH IN LBS./SQ. FT. FEET §
LOW \
3000 2500 2000 1500 1000 500 o 0 counr SymgoLs DESCRIPTIONS
T l 22.6-97 ERY 1 TV N SR AR
‘ 24.1%-101 26 ® | T—BROWN SILTY FINE SAND
: | ' 1 ML BRO:I:NSLAVEY SILT WITH TRACt OF FINE
______ —— ! 18.4%-107 10 vy BROWN FINE SAND WITH TRACE CF SILT
\ | * 0T s
T BROWN FINE SANDY SILT
GRADING LESS SANDY
T | i 20 36 - I
| ‘ % mf,
S ! i i Y
| A
\ 3w
\ Ll
. i al |
40 29 ’ i GRADING TO CLAYEY SILT
[ COLOR CHANGING TO DARK BROWN
‘ 125 m 'i” REFUSAL
| BORING COMPLETED ON 7-1-64
; 50 — CASING TO A DEPTH OF 44'
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ANL DEPTH OF DRY WEIGHT | L85./CU.FT,
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DATA

DAMES £ MOORE

APPLIED EARTH SCIENCES

B



«
AL AR e R G s SEOTEED r v\ S U T S S—

Vil o S A K £

PRESSURE IN LBS./75Q. FT.

IN INCHES 7 INCH

J 4 56 7891000 2

J 4 5 6 78910000 2 3

!

.03
-
Q [
~ .04 —
! i
S i
3 e |
2 0 e 1 \\
S ! T | i i
Q ’ ‘} ‘ | “ i \1\;‘\‘?\.‘ i
IR ! T
06 FIELD M STHURE| FIELD DRY
LINE SyupsL | BORING NO. SCIL TYPE CONTEN™ 1 2 DENSITY 40
AND DEPTH OF DRY WE4GHT | LBS./CULFT.
102 @ 26" BROWN 3ANDY SILT i5.9 9& !
) , | BROAN SILTY FINEZ SAND wiTH .
oo < 108 @A L e OF DECAYED VEGETATION a8 19¢
—————— 125 G & LIGHT BRUWN F I vE SAND b 98
e BROWN FINZI 5AND - - |
1085 5 WITH TRAGE OF 31ut it “ i
PRESSURE IN LBS./75Q. FT.
0/00 2 3 4 56 7891000 2 3 4 5 6 789 /0,000 2 3
ss‘~\~ l
™~~~ ‘.\\
% 0, .............. \‘h~~ ‘
DS N T~
T >
AN “~
0 .
W o2 :
Y
Q
€ |___l_
\
3 .03 ]
. R —
PQ .04 = —
S AN
~4 :
Q S i
g .05 —===
3 ]
| N
. L i
'06 FIELD ~OI5THRE F1ZLD DRY
LINE symBcL | BURING NO. 501L TYPE CONTENT 1IN ¥ DENGITY 1IN
&ND DEPTH OF DRY WEIGHT LBS, CUFT.
f—— s r ey 103 @ 25 BROAN FINE SAND 2.2 ag
|
104 e 20 1 BROWN SALUY SILT 12,8 a7
i
LIGHT BROWN A
r——" 107 & 12" FINE TU MEDILM SAND 127 95
I3 —_—
|
I 109 &€ 10" [ BROWN FINE SAND b2 98

CONFINED COMPRESSION DATA

DAMES &2 MOORE
APPLIED EARTH SCIENCES




Uip

ORY DENSITY IN LBS. PER CU.FT.

120

130

120

110

100

S0

&0

MO/STURE CONTENT IN PERCENT OF DRY WEIGHT

35

COMPACTION TEST DATA

5 /10 15 20 25 30
o - T f
! |
| |
i |
i |
1 |
‘ !
j |
. - TERGOAIR VO'DG CURVT !
Frr” (SPEGIFIC GRAVITY ASSUMED .50 |
%
. I
I |
T
]
|
]
|
I
T i
1 |
i ' [r
| :
i
Buvia B0 17 @ C To T i :
L TYPED L hGMT BAJAY £ S ey ! |
CPT S 4 URE 3.0 [N INT
AEAIN Tin LT FLLELE LS e RT, J
| |
N OT E:
TS CUMPAITINN TINT A5 SERFORALD TN MIOORGANGE Wl Te Wi L F ]
A8z METACT LF COABACT Tive

DAMES 8 MOORE
APPLIED EART BCIENCES

ol ATE A9




